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We identified a critical role for receptor for advanced glycation end products (RAGE) in the intratumoral accumulation 
of myeloid-derived suppressor cells (MDSCs) during pancreatic carcinogenesis. The absence of RAGE markedly delayed 
neoplasia and limited MDSC accumulation in mice expressing an oncogenic variant of Kras. In spite of MDSCs, these mice 
accumulated non-immunosuppressive macrophages. Thus, RAGE regulates carcinogenesis and consequent myeloid 
responses. 



Pancreatic cancer is notoriously diffi- 
cult to treat and exhibit many hallmarks 
of immunosuppression. The prevention 
of successful immune responses against 
pancreatic neoplasms is accomplished 
(at least in part) by the recruitment and 
retention of myeloid-derived suppressor 
cells (MDSCs). 1 This heterogeneous cell 
population directly inhibits the activities 
of immune effector cells through several 
mechanisms, including nutrient depriva- 
tion and the production of reactive nitro- 
gen and oxygen species. While MDSC are 
difficult to phenotypically characterize in 
humans, they can readily and reliably be 
identified in mice through the co-expres- 
sion of CDllb and Grl. 2 

Damage associated molecular patterns 
(DAMPs) serve as inflammatory signals 
that alert the host to cellular and tissue 
injury. 3 DAMPs and their cognate recep- 
tors shape the nature of both the innate 
and adaptive immune response, in some 
cases exerting potent adjuvant effects 
while promoting tissue repair in others. 3 
The receptor for advanced glycation end 



products (RAGE, also known as AGER) 
is a pattern-recognition receptor that rec- 
ognizes several DAMPs including high- 
mobility group box 1 (HMGB1) and 
S100A8/A9. 4 In physiological conditions, 
RAGE is expressed in the lung and in 
cells of the immune system. In addition, 
RAGE is overexpressed by many carcino- 
mas, including pancreatic ductal adeno- 
carcinoma. 4 " 6 Studies from our group and 
others have demonstrated a crucial role 
for RAGE in sustaining tumor growth via 
the establishment of a pro-inflammatory 
microenvironment and via the release of 
interleukin-6 (IL-6). 4 

Previous studies have implicated 
S100A8/A9 in the recruitment and reten- 
tion of MDSCs in murine models of 
colorectal cancer, and the peripheral levels 
of these proteins correlate with the fre- 
quency of MDSCs in the serum of patients 
bearing gastric cancers. 7 We sought to 
determine whether RAGE regulates the 
myeloid response to early pancreatic carci- 
nogenesis using a murine model of onco- 
genic i&Af-driven pancreatic cancer (KC 



mice). 8 These mice were backcrossed into 
an Ager null background to generate ani- 
mals that would develop pancreatic tumors 
in the absence of the receptor (KCR mice). 

Strikingly, in the absence of RAGE pan- 
creatic carcinogenesis proceeded at a slower 
rate and MDSCs failed to accumulate, 
both systemically and within the tumor 
microenvironment (TME) (Fig. 1). While 
RAGE itself was not required for MDSC 
development, the phenotype and function 
of the myeloid cells (CDllb + ) isolated from 
KCR mice and KC mice were distinct. At 
comparable ages, CDllb* cells isolated 
from the spleen and pancreas of KCR 
mice expressed F4/80 (a marker of mature 
macrophages), rather than Grl, and were 
indeed non-immunosuppressive in vitro. 9 
It is currently unclear whether the apparent 
lack of MDSCs in the KCR mouse strain 
directly contributes to delayed carcinogen- 
esis or whether, vice versa, their absence is 
a consequence of inhibited tumor growth 
stemming from the ablation of Age r. 

Several explanations may be put for- 
ward to explain the failure of KCR mice 
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Figure 1. RAGE signaling recruits myeloid-derived suppressor cells and dendritic cells. Receptor for advanced glycation end products (RAGE) ligands 
such as high mobility group box 1 HMGB1 and S100A8/A9 are actively secreted or passively released in the tumor microenvironment by stressed 
and dying malignant cells as well as by specific immune cells. The activation of RAGE, which is often overexpressed on transformed cells, cause the 
expression of chemokines involved in angiogenesis and tissue repair while favoring the intratumoral accumulation of myeloid-derived suppressor 
cells (MDSCs). In the absence of RAGE, MDSCs fail to accumulate and are replaced by mature macrophage-like cells, overall resulting in the inhibition of 
carcinogenesis. DC, dendritic cell. 



to accumulate MDSCs, including a 
diminished longevity or enhanced rates 
of apoptosis affecting this cell compart- 
ment. However, given the lower levels of 
CCL22 in the pancreatic TME of KCR 
mice and since an increased production of 
CXCL1, CCL5 and CCL7 by malignant 
cells has previously been shown to stem 
from RAGE activation, it is likely that the 
recruitment of MDSCs is specifically dis- 
rupted in the absence of RAGE. 2,5 Also the 
precise role of the CDllb + F4/80*Grl~ cells 
that accumulate in the spleens and pan- 
creata of KCR mice is unknown (Fig. 1). 
Although these cells are not immunosup- 
pressive, future studies will determine 



whether they have direct antitumor effects. 
Macrophages have indeed been demon- 
strated to be critical for antitumor immu- 
nity mediated by CD40 agonism. 10 Finally, 
it remains to be understood in which cell 
compartment RAGE signaling is required 
for the accumulation of MDSCs. Three 
distinct possibilities include the tumor 
itself, the stroma and the bone marrow. 
While it is experimentally difficult to dis- 
tinguish between malignant cells and their 
stroma, the involvement of the immune 
compartment in this phenomenon can 
readily be assessed by the transplantation 
of wild-type or Ager~'~ bone marrow into 
KC recipients. These studies are ongoing. 



As we appreciate more deeply the sig- 
nificant role that immunosuppressive 
immune cells such as MDSCs play in car- 
cinogenesis, it becomes very important to 
understand which receptors on the surface 
of cells and malignant cells mediate their 
recruitment and retention into the TME. 
Importantly, the identification of immu- 
noregulatory roles for proteins such as 
RAGE converts them in candidate targets 
for inhibiting tumor-promoting myeloid 
responses in cancer patients. 
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